Purpose of Review There is growing interest in the relationship between anorexia nervosa (AN) and autism spectrum disorder (ASD). This review aimed to synthesise the most recent research on this topic to identify gaps in current knowledge, directions for future research and reflect on implications for treatment. Recent Findings Eight studies assessing the presence of ASD in AN were identified in the literature along with three studies examining the impact of symptoms of ASD on treatment outcome. Research with young people and using parental-report measures suggest lower rates of co-morbidity than previous adult studies. Conclusions The wide range of diagnostic tools, methodologies and populations studied make it difficult to determine the prevalence of ASD in AN. Despite this, studies consistently report over-representation of symptoms of ASD in AN. Comorbid AN and ASD may require more intensive treatment or specifically tailored interventions. Future longitudinal research and female-specific diagnostic tools would help elucidate the relationship between these two disorders.
Introduction
Anorexia nervosa (AN) is a severe eating disorder (ED) characterised by low body weight, intense fear or gaining weight and undue influence of weight and shape on selfevaluation [1] . It tends to manifest during adolescence [2] and has the highest mortality rate of any psychiatric disorder, with no gold standard treatment [3] , high treatment dropout and relapse rates. In contrast, autism spectrum disorder (ASD) is a pervasive developmental disorder with marked difficulties with social interaction and communication and repetitive, stereotyped interests and behaviours (APA, 2013) . For ASD to be diagnosed, symptoms must be present during infancy. While both AN and ASD are rare disorders within the general population, affecting around 0.3 and 1%, respectively [4, 5] , they are associated with opposite gender ratios. AN is reported to be up to ten times more prevalent in females while the reported gender ratio for ASD is four males to one female [6] . Interestingly, in non-referred samples,there are only two to three males for every female with ASD [7] suggesting that many females are not referred and thus never receive a diagnosis [8] .
Interest in the potential link between the two disorders began with suggestion that a shared underlying genetic vulnerability may interact with environmental factors to manifest as AN in girls during adolescence and ASD in boys during infancy [9] . Since then, growing research has attempted to elucidate the nature of the relationship between the two disorders, focusing on both elevated presence of ASD in AN and shared underlying difficulties in cognitive, social and emotional functioning [10] [11] [12] [13] .
Two previous reviews have examined the prevalence of ASD or elevated ASD symptoms in AN [14, 15] . Huke and colleagues [14] investigated the prevalence of ASD in ED populations, synthesising studies which used a variety of different diagnostic tools. The mean estimated prevalence of ASD from Huke and colleagues [14] review was 23%, suggesting an over-representation of ASD in EDs. However, six of the eight studies in Huke and colleagues' review were based on longitudinal research with the same, Swedish community cohort [16] [17] [18] [19] [20] [21] . Despite the diagnostic criteria for ASD requiring symptoms to be present during the early developmental period, the prevalence of estimated ASD ranged from 8 to 37% during the course of this longitudinal research, which used different diagnostic tools at each follow-up. This suggests that different assessment methods along with changing diagnostic criteria, e.g. the update from DSM-III-R to DSM-5 leads to unstable levels of reported ASD in AN populations. This review did not include studies with young people and concluded that studies from different cohorts were needed. Westwood and colleagues [15] conducted a systematic review and meta-analysis of studies using the self-report autism spectrum quotient AQ; [22] or abbreviated, ten-item version AQ-10; [23] to assess ASD symptoms in AN. Individuals with AN were found to have significantly more difficulties associated with ASD than healthy controls.
Despite the potential benefits of accurately assessing the prevalence of ASD in AN, doing so is challenging. Missed or delayed diagnosis of ASD in females during childhood could leave them vulnerable to the development of secondary mental health problems [24] including AN, which may obscure the identification of ASD when manifested as extreme rigidity or obsessive interest in calories or exercise [25] . The nature of the relationship between AN and ASD is complicated further by the possibility that some individuals without ASD may come to exhibit behaviours associated with the disorder during the acute phase of AN [26] . This trait versus state conundrum, along with the variety of different diagnostic criteria used and heterogeneous groups assessed makes it difficult to draw conclusions on whether ASD really is overrepresented in AN, relative to the general population or other psychiatric disorders.
The aim of this review is to synthesise the current literature on the relationship between ASD and AN, including studies with young people and research examining the potential impact of ASD on treatment outcome. While there is growing evidence of similarities between the two disorders in terms of cognitive and socioemotional processing [12, 11, 13] , studies focusing purely on such similarities are outside the scope of this review. While some studies have examined ASD across the spectrum of EDs, the majority have focused on its prevalence within AN. Therefore, only studies with participants with a diagnosis of AN are included, although where studies include more than one patient group, e.g. AN and bulimia nervosa (BN), this is stated. As self-report measures such as the AQ are limited to the assessment of current symptoms rather than accounting for any developmental history of ASD and rely on the subjective insights of the responder, which may be confounded by the acute phase of AN, studies which are based entirely on self-report questionnaires have been excluded from this review.
Review of the Literature Studies Using Diagnostic Assessment Tools
Diagnostic guidelines for ASD [27] recommend using both developmental and observational assessment tools. This has led to studies assessing for ASD in AN using standardised diagnostic or screening tools including the Autism Diagnostic Observation Schedule, 2nd Edition ADOS-2; [28] ; the Development and Well-being Assessment DAWBA; [29] and the Developmental, Dimensional and Diagnostic Interview 3Di; [30] . The ADOS-2 is a semistructured assessment for ASD and is the most widely-used and best validated direct observational measure of characteristics associated with ASD [27] . The DAWBA is a self and informant-report screening measure, designed to generate DSM psychiatric diagnoses for children and adolescents. The 3Di is a validated parental report, diagnostic measure of ASD. It demonstrates good sensitivity with confirmed clinical diagnosis for DSM-5 [31] . Eight studies assessing ASD in ED populations using various clinical assessment tools were identified in the literature since the publication of Huke and colleagues' review [14] and are summarised in Table 1 .
Studies with Adults
A small case series conducted by Mandy, Tchanturia [32] aimed to assess the feasibility of using the ADOS with an ED population. The study recruited a pre-selected sample of women EDs who had suspected ASD due to exhibiting social and flexibility difficulties and who did not respond to standard ED treatment protocols. Half of the women assessed met diagnostic criteria on the ADOS, while a further two were deemed likely to have ASD, despite not meeting the required cut-off on the ADOS. While the study demonstrated the utility of using the ADOS, the design of the study prevented conclusions being drawn about the prevalence of ASD.
This pilot study was extended by Westwood and colleagues [33• ] who used the ADOS-2 to assess for ASD symptoms in a sample of 60 women diagnosed with AN. The proportion of participants who scored above cut-off on the ADOS-2, indicating the presence of symptoms characteristic of ASD, was the same as the mean prevalence rate (23%) reported in Huke and colleagues' [14] systematic review. This is the largest ADOS-2 Module 4 3Di-sv 52.5% scored above cut-off on the ADOS.2 10% scored above cut-off on both the ADOS-2 and 3Di-sv.
ADOS-2 autism diagnostic observation schedule, 2nd edition, AN anorexia nervosa, AN-R anorexia nervosa, restrictive subtype, ASD autism spectrum disorder, BED binge eating disorder, Bulimia Nervosa bulimia nervosa, DAWBA development and well-being assessment, EDNOS eating disorder not otherwise specified, EOED early onset eating disorder, N number of participants, RAADS-R Ritvo autism Asperger diagnostic scale, revised, 3Di-sv developmental, dimensional and diagnostic interview, short version study to date to use a "gold standard" diagnostic measure of ASD with an adult cohort of women with AN. Despite this, information on the developmental history of the participants was not obtained so conclusions regarding the aetiology of the symptoms, i.e. whether ASD was present prior to the onset of the disorder, could not be drawn. Elevated ASD symptoms were also associated with increased obsessive-compulsive symptoms and alexithymia. The presence of other co-morbid symptoms such as these could mediate the relationship between AN and apparent ASD. Alternatively, they could suggest that individuals with both AN and ASD are more likely to experience additional mental health problems.
To assess the heterogeneity of ASD symptoms in EDs, Vagni and colleagues [42] routinely screened all new outpatients, aged 15 and or over, admitted to a specialist ED ward using the Ritvo Autism Asperger Diagnostic Scale Revised RAADS-R; [43] . The aim of the study was to find a tool able to discriminate between individuals with high and low levels of autistic symptoms and to assess their relative prevalence. The RAADS-R was used as a clinical, structured interview and was chosen instead of the ADOS as the latter has been criticised for its ability to discriminate between adults with comorbidities with no previous ASD diagnosis [44••] and requires extensive and specific training. Using this measure, 33% of individuals were classified as having elevated ASD symptoms. However, as the RAADS-R still relies on the subjective insights of the interviewee and no attempt to ascertain developmental history from relatives was made, it is not possible to determine with certainty whether any ASD symptoms predated the onset of the ED.
Studies with Young People
To control for the impact that starvation and duration of AN may have on the presence of ASD symptoms, recently published studies have recruited younger people with either early onset EDs or individuals with short illness durations. To investigate whether scores on the ADOS-2 are corroborated by parental report, Westwood and colleagues [34• •] assessed a sample (n = 40) of adolescent females, aged 12 to 18. Twenty-one (52.5%) scored at or above cut-off on the ADOS-2 so their parents were asked to complete the 3Di, short version 3Di-sv; [35] , a well-validated measure of ASD which provides categorical diagnoses as well as measuring dimensionally-occurring ASD symptoms across both clinical and typically developing populations. Only 4 (10%) individuals scored above cut-off on both the ADOS-2 and 3Di-sv, thus meeting research criteria for ASD. These results suggest that while a significant proportion of young people present with symptoms associated with ASD, these symptoms were not present during the early developmental period, a requirement for ASD diagnosis. Alternatively, it could be that such symptoms are not recognised by parents during infancy. Other studies conducted with young people with AN have reported similar findings when using parental-report measures [36, 37] .
Pooni and colleagues [36] attempted to address the issue of separating the presence of current ASD symptoms and a developmental history of ASD in individuals with early onset ED (EOED). While EOED is difficult to define [38] , the study adopted criteria operationalised by Nicholls and colleagues [39] including: weight loss or failure to gain weight; fear of weight gain and preoccupation with gaining weight. When ICD-10 criteria were used, 20 of the 22 participants were assigned a diagnosis of AN or atypical AN. Using the 3Di, Pooni and colleagues [36] found that a diagnosis of ASD was no more likely in individuals with EOED than in typically developing controls. However, the EOED group did exhibit elevated levels of ASD symptoms. A similar finding was reported by Rhind and colleagues [37] who used the DAWBA. Only 4% of female participants were assigned a possible diagnosis of ASD while up to 39% of participants showed difficulties with social aptitude and peer relationships.
Two other studies with young people have utilised the ADOS-2 to assess the presence of observable symptoms associated with ASD. Postorino and colleagues [40• ] assessed a group of female adolescents (N = 30), diagnosed with AN during the acute phase of illness. Contrary to Westwood and colleague's findings, only 10% scored above cut-off on the ADOS-2. While a standardised developmental measure such as the 3Di was not used, according to a clinical interview, no participant was given a diagnosis of ASD. The other study [41••] aimed to compare social functioning in participants with first-episode, recent onset (within 12 months of participating) AN with those recovered from the disorder. Despite a previous diagnosis of ASD being ruled out, 16 and 21% of individuals respectively scored above cut-off on the ADOS-2. Similar levels of functional impairment between the two groups suggest that social difficulties are not limited to the acute phase of the illness. As the study did not investigate the developmental history of these difficulties, the findings were limited to examination of social difficulties rather than ASD per se.
The limited evidence available from studies with young people suggests that despite individuals who are currently ill with AN displaying high levels of symptoms characteristic of ASD, the history of these symptoms is not corroborated by parental report. There are several possible reasons for this, including but not limited to: (1) such symptoms are an epiphenomenon, arising from the ill-state associated with AN; (2) parents under-report or do not recognise the behaviour of their child as being associated with ASD, particularly in girls, as ASD is often considered to be a "male disorder"; (3) The diagnostic tools being used are not sensitive to detecting ASD symptoms in a predominantly female, AN population. Pooni and colleagues [36] also suggest that the developmental trajectory of EDs into adulthood may account for some of the discrepancy in ASD prevalence between young people and adults. The prognosis of adolescent onset EDs is relatively good [42] but individuals who do not recover will likely be ADOS-2 autism diagnostic observation schedule, 2nd edition, AN anorexia nervosa, AQ autism spectrum quotient, AQ-10 autism spectrum quotient, short version, CRT cognitive remediation therapy, DAWBA development and well-being assessment, DFlex detail and flexibility questionnaire, ED eating disorder, EDNOS-R eating disorder not otherwise specified, restrictive, MR motivational ruler, MROAS Morgan-Russell outcome assessment schedule, OSFED other specified feeding or eating disorder, SAS social aptitude scale seen in adult services. The presence of ASD or elevated ASD symptoms may therefore be a predictor of poorer treatment outcome, leading to its relative over-representation in adult services.
Nationwide Cohort Study
One study [43] aimed to investigate the co-morbidity of ASD and AN and familial aggregation of the disorders by using Danish registers to identify individuals classified as having AN, atypical AN, infantile autism, atypical autism or Asperger syndrome who had records for either inpatient or outpatient care for that disorder.
To study familial aggregation of the disorders, probands and their parents and siblings diagnosed with EDs, ASD, major depression or any psychiatric disorders were included. Five thousand and six individuals with AN and 12,606 with ASD were identified through screening. Probands with a primary diagnosis of AN had a highly elevated risk of receiving a diagnosis of ASD, with the risk for males being higher than for females. However, there was an even higher risk of being diagnosed with ASD in individuals whose primary diagnosis was major depression. A family history of AN was associated with an elevated risk of ASD but this risk was comparable to that seen in families with a history of major depression and any psychiatric disorder. This suggests that while there is increased risk of co-morbidity of AN and ASD and aggregation of ASD in families with AN, the relationship between the two disorders is non-specific. Thus, ASD may increase the likelihood of receiving any psychiatric diagnosis but not specifically a diagnosis of AN.
Summary of Literature Review
There is consistent evidence, using a variety of assessment tools, that symptoms associated with ASD are overrepresented in EDs, particularly in AN. Studies report between 4 and 52.5% of participants meeting suggested clinical cut-off for ASD. Despite this, research utilising parental reports to determine the presence of such symptoms during early childhood report much lower rates [36, 37, 34 ••] of participants meeting clinical cut-off. While the aetiology of these symptoms remaining unclear, three further studies have examined the potential impact of ASD symptoms on treatment outcome in AN. These studies are discussed in the next section of this review.
Impact of ASD Symptoms on Treatment Outcome
To date, three studies, displayed in Table 2 , have attempted to examine the potential impact of ASD symptoms on treatment outcome in ED groups using clinical measures of ASD. The largest study [44••] used clinical audit data to examine the impact of ASD symptoms on treatment outcome in girls referred to a specialist ED service. Again, the presence of current ASD symptoms was elevated in this cohort but there was no evidence of raised prevalence of childhood ASD, as measured by the DAWBA. Girls with elevated ASD symptoms, as measured by the AQ required greater augmentation of treatment reflected in admission to an intensive day treatment programme or inpatient wards. Scores on the Social Aptitude Scale SAS; [45] , a parental-rated measure of a young person's social skills, were not related to treatment augmentation. Less change in the self-report EDE-Q subscale scores of weight concern, shape concern and global score was also associated with higher DAWBA ASD scores.
In the fourth follow-up of the longitudinal Swedish cohort study described in the introduction to this review, Nielsen and colleagues [46] examined the effect of ASD on outcome using the Morgan-Russell outcome assessment schedule MROAS; [47] . The cohort were initially assessed at age 16 then again at 6-year, 10-year and 16-year follow-ups. The tools used to diagnose ASD differed across all four studies, consisting of the following: study (1) structured interview with mother; study (2) Dewey social awareness test, checklist for autistic disorder and Asperger's syndrome; study (3) Asperger Syndrome Diagnostic Interview, checklist for autistic disorder and Asperger's syndrome and study (4) Asperger Syndrome Diagnostic Interview, checklist for autistic disorder and Asperger's syndrome and the AQ. Six AN participants were classified having ASD at all four assessment points. The MROAS is a structured interview, concerned with the clinical features of AN. Responses to questions about eating, weight, mental state and attitudes yield five sub-scores, used to monitor change in clinical status [48] . The presence of ASD contributed to restricted outcomes in mental, psychosexual and socio-economic state, as measured by the MROAS: the more diagnostic stability of ASD, the worse the outcome.
The impact of symptoms associated with ASD on specific treatment outcome has been examined by Tchanturia and colleagues [49] in relation to group Cognitive Remediation Therapy (CRT). In this cohort study, ASD was assessed with at least one of the following: ADOS-2, AQ or AQ-10 depending on whether a trained researcher was available to administer the ADOS-2 to at the time of admission. Fourteen (40%) participants scored above cut-off on at least one measure, suggesting the presence of elevated ASD symptoms. The Detail and Flexibility Questionnaire [50] was used to assess selfreported changes in cognitive rigidity and attention to detail. Whereas the low-scoring group showed significant improvement in cognitive rigidity and self-reported ability to change following the group CRT intervention, the high-scored ASD group showed no improvements on any outcome measure. While other co-morbidities such as anxiety and depression were not accounted for, this data suggests that elevated ASD symptoms may be associated with poorer response to existing ED treatments, specifically targeted at improving difficulties with flexibility, associated with ASD [11] .
Assessment of ED Symptoms in ASD
Despite numerous studies exploring the presence of ASD in AN populations, little research has examined the opposite phenomenon, i.e. EDs in people with ASD. While there is scientific consensus supporting an association between ASD and food selectivity [51] , the latter includes food refusal, limited repertoire of foods and is thus not necessarily associated with ED psychopathology. There have been case reports of girls with an underlying diagnosis of Asperger syndrome exhibiting symptoms of AN [52] [53] [54] , emphasising the importance of diagnosing AN in individuals in ASD so that appropriate treatment can be sought. The inclusion of Avoidant and Restrictive Food Intake Disorder (ARFID) in DSM-5 [1] , characterised by limited consumption of food due to its sensory characteristics or past negative experiences with food, has led to research into the presence of ARFID in ASD [55] . There is also evidence that ARFID is common in young people with eating disorders. One study found that 22.5% of young people attending a day treatment programme for EDs met ARFID criteria [56] . Higher rates of co-morbid anxiety disorders, learning disabilities and pervasive developmental disorders (including ASD) were found in the ARFID group, compared to those with AN, BN or OSFED.
Gillberg [57] recently coined the term ESSENCE (Early Symptomatic Syndromes Eliciting Neurodevelopmental Clinical Examinations) to cover neurodevelopmental disorders such as ASD and Attention Deficit Hyperactivity Disorder (ADHD) which often co-occur and lead to children presenting in clinical settings with difficulties in several domains of functioning. One study [58] aimed to examine the prevalence of EDs and eating pathology in a sample of 228 young adults and adults with ESSENCE. Within the entire sample, 7.9% had a current or previous ED but individuals with a diagnosis of ADHD more often affirmed eating pathology than individuals with ASD. This study suggests that EDs may be over-represented in individuals with neuropsychiatric disorders but not specifically ASD. Interestingly, the gender ratio in this study was not as skewed (1:2.5 male: female) as in the general population, with a large proportion of men experiencing EDs or reporting ED pathology.
Future Directions and Clinical Implications
Diagnosing ASD in individuals with AN is a complex process which requires thorough clinical assessment including direct observation of symptoms and comprehensive developmental history. While attempts have been made to elucidate the relationship between ASD in AN, the presence of other co-morbidities, varying diagnostic tools and criteria, and the possibility of a distinct female autism phenotype make it difficult to draw firm conclusions about the true prevalence of ASD in AN. Recent studies have utilised developmental measures and recruited younger participants in an attempt to control for the impact that ED pathology may have on ASD symptoms. Despite this, studies have used different cut-off points to define elevated symptoms or assessment tools which may not be sensitive enough to distinguish ASD in females or differentiate between ASD and other co-morbidities.
Despite growing evidence that ASD presents differently in females than in males (e.g. [59] ), standard diagnostic tools such as the ADOS-2 and Autism Diagnostic InterviewRevised, ADI-R; [60] and DSM-5 diagnostic criteria [1] have not reflected on these gender differences. As most diagnostic tools are validated with males, females are less likely to present with symptoms detected with such tools, leading to an underestimation of ASD in females [61] . Until routine assessment tools recognise and reflect the gender differences in ASD, diagnosing ASD in individuals with AN, who are not only predominantly female but who often present with a multitude of co-morbidities, will remain problematic. Future research focusing on the development of gender-specific diagnostic algorithms and screening tools is urgently needed.
Once gender-sensitive diagnostic tools have been established, further research utilising a longitudinal design and following stringent diagnostic criteria will be needed to fully understand the relationship between the two disorders. To determine whether undiagnosed ASD really does leave females at increased risk of developing AN, it would also be beneficial to identify "high risk" cases, e.g. sisters of individuals with ASD or young females with a diagnosis of highfunctioning ASD and to assess for eating disorder psychopathology. To date, research has not focused on the livedexperience of individuals with both AN and ASD. If, as previously hypothesised [25] , ASD can manifest as extreme rigidity or interest in calories, exercise or food, it may be that the ED pathology of individuals with ASD is qualitatively distinct from individuals with AN alone. Given that ARFID rather than AN per se may be more common in individuals with ASD, clinicians treating individuals with both an ED and elevated ASD symptoms should be mindful of the possibility that the individual is experiencing a distinct and different ED.
Regardless of the aetiology of ASD symptoms, the presence of such symptoms in AN has been associated with poorer treatment outcome and the need for more intensive treatment. While these symptoms may not be associated with a specific neurodevelopmental disorder, social and non-social difficulties characteristic of ASD may prevent individuals from engaging in conventional treatments and be associated with other symptoms such as depression, anxiety or OCD. Screening for ASD symptoms may therefore be beneficial, although clinicians should be cautious in formally diagnosing ASD without involvement from specialist ASD services. Controlled studies, comparing treatment response in individuals with and without ASD symptoms are also needed to determine whether specific treatment adaptations or care pathways are warranted.
Conclusions
Despite differing assessment tools and recruitment from heterogeneous patient groups, studies consistently report elevated ASD symptoms in AN populations. It remains unclear whether these symptoms represent an underlying neurodevelopmental disorder, are exacerbated by ED pathology or whether they are mere similarities in cognitive and socioemotional functioning, also shared with other psychiatric diagnoses. Elevated ASD symptoms are often not corroborated by developmental history, but until a time when diagnostic tools account for gender differences in ASD, assessing the prevalence of ASD in AN will remain difficult. Regardless of the aetiology of these symptoms, individuals with social and non-social difficulties characteristic of ASD may require treatment adaptations or more intensive care. There is a need for robust longitudinal studies using thorough, gender-specific ASD assessment methods to further elucidate the relationship between the two disorders.
